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Introduction
Autism Spectrum Disorders (ASDs) are defined by social and communication impairments, with some children also displaying repetitive behaviors and stereotyped interests (American Psychological Association, 2000) . The rising prevalence of ASDs creates an urgent need for clinicians to identify ASD-related impairments (impairments associated with the genetic risk to develop ASDs) early in life so that children may receive earlier access to interventions, possibly leading to improved outcomes (Landa, Holman, O'Neill, & Stuart, 2011; Zwaigenbaum et al., 2009) . ASDs can be reliably identified by 14-24 months based on nonverbal and verbal communication and social impairments (Charman et al., 2005; Chawarska, Klin, Paul, & Volkmar, 2007; Landa & Garrett-Mayer, 2006; Landa, Holman, & Garrett-Mayer, 2007; Sullivan et al., 2007) . However, some studies suggest that there are no obvious social or communication deficits within the first six months of life (Cassel et al., 2007; Yirmiya et al., 2006; Young, Merin, Rogers, & Ozonoff, 2009) . Multiple researchers have proposed that early signs of ASDrelated impairments may first manifest within the motor system and present as a motor delay (Esposito, Venuti, Maestro, & Muratori, 2009; Flanagan, Landa, Bhat, & Bauman, in press; Landa & Garrett-Mayer, 2006; Ozonoff et al., 2008 ). Yet, very few studies have systematically examined early motor development and its links to later social communication development in infants at risk for autism. The present study addresses this gap by comparing the early gross motor development of infants at high risk for autism to a typically developing group of infants at low risk for autism within the first six months of life. Moreover, we examine the relation between motor performance during early infancy and communication development at 18 months using standardized tests of motor and communication performance in infants at high risk for autism.
Social communication delays in infants at risk for ASDs
Our group and others have recently identified various early markers for diagnosis of ASDs within the first and second year of life. These markers include disruptions in nonverbal communication such as infrequent initiation of and response to joint attention cues of others (Charman et al., 2005; Chawarska et al., 2007; Landa et al., 2007; Sullivan et al., 2007; Yoder, Stone, Walden, & Malesa, 2009 ), infrequent reciprocal social interaction, poor integration of eye gaze within such interactions, and infrequent shared positive affect (Chawarska et al., 2007; Landa et al., 2007) . Verbal communication delays such as delayed onset of first words, reduced inventory of consonants, canonical syllables, and words have also been observed (Iverson & Wozniak, 2007; Landa et al., 2007; Mitchell et al., 2006; Paul, Fuerst, Ramsay, Chawarska, & Klin, 2011) . Infants who received an ASD diagnosis by 36 months of age presented with verbal communication delays as early as 14 months . Infant siblings of children already diagnosed with autism, a group at high risk of developing ASDs (Folstein et al., 1999; Landa et al., 2007; Zwaigenbaum et al., 2005) presented with communication delays within the first and second year even when they did not yet meet diagnostic criteria for ASDs (Landa & Garrett-Mayer, 2006; Paul et al., 2011) . Taken together, these findings indicate the presence of significant non-verbal and verbal communication delays in infants at risk for autism in the first and second year of life.
Motor delays in infants at risk for ASDs
Although the majority of the studies focusing on motor functioning in ASDs have involved school-aged children and adolescents, motor delays have been implicated within the first few years of life in infants, toddlers, and preschoolers who later developed ASDs (Esposito et al., 2009; Lloyd, Macdonald, & Lord, 2011; Provost, Lopez, & Heimerl, 2007; Teitelbaum, Teitelbaum, Nye, Fryman, & Maurer, 1998) . Adolescents and school-aged children with ASDs show deficits in gross motor and fine motor coordination, gait abnormalities, as well as poor static and dynamic balance documented by using standardized assessments as well as kinematic and dynamic analysis of movement and posture (Ghaziuddin & Butler, 1998; Green et al., 2002; Hallett et al., 1993; Minshew, Sung, Jones, & Furman, 2004; Miyahara et al., 1997; Rinehart, Bradshaw, Brereton, & Tonge, 2002; Szatmari, Tuff, Finlayson, & Bartolucci, 1990; Vilensky, Damasio, & Maurer, 1981) . In addition, motor delays have been reported in infants who later developed ASDs via retrospective video analyses (Adrien et al., 1993; Ozonoff et al., 2008; Teitelbaum et al., 1998) . In retrospective analyses, parents of children diagnosed with ASDs were either asked to recall their child's motor problems during infancy or to provide videos of their children when they were at or below one year of age. These studies suggested delays in achieving motor milestones such as rolling, sitting, and crawling as well as atypical movement patterns such as movement asymmetries or abnormal reflexes. However, the interpretability of these findings is limited due to potential recall bias involving inaccurate memory about timing and quality of earlier developmental features as well as the lack of standardized contexts in which the movements were videotaped. Recent retrospective video analyses of motor development in autism have addressed some of these limitations by adding control groups and by closely matching the ages of infants across groups (Esposito et al., 2009; Ozonoff et al., 2008) . Nevertheless, findings from these two studies are contradictory. One reported a marked delay in motor development in infants who later developed autism (Esposito et al., 2009) whereas the other reported a subtle delay comparable to infants who have general developmental delays (Ozonoff et al., 2008) . Thus, there continue to be gaps in knowledge about motor impairment in infants at risk for ASDs. The current study builds on these findings from retrospective studies by conducting a prospective quantification of motor development of infants at risk for ASDs within the first six months of life using a standardized motor assessment, the Alberta Infant Motor Scale.
Early motor development facilitates communication development
Early motor development provides a foundation for future communication development. For example, non-verbal forms of communication include fine motor acts such as pointing, as well as gross motor acts such as head turning for looking (Gernsbacher, Stevenson, Khandakar, & Goldsmith, 2008) . Moreover, gestural development is closely linked to language development (Iverson & Goldin-Meadow, 2005) . Infants' early rhythmic arm movements appeared to peak around the same time they began to babble (Iverson & Fagan, 2004) . This relationship between early arm movements and babble onset was lacking in some infants who later developed ASDs (Iverson & Wozniak, 2007) . Interestingly, infants who later developed autism were reported to have poor early manual motor skills which also correlated with their later speech fluency (Gernsbacher, Sauer, Geye, Schweigert, & Goldsmith, 2008) . Gross motor skills that expand a child's posture, movement and/or exploratory opportunities such as sitting and locomotion are also known to advance verbal and non-verbal communication in typically developing infants. For example, the transition to independent sitting was associated with greater variation in utterance production as seen by greater variation in consonant-vowel sounds and fewer single vowel sounds (Iverson, 2010; Yingling, 1981) . Sitting posture frees an infant's rib cage and allows infants to maintain subglottal pressure and produce advanced patterns of vocalization such as consistent consonant-vowel sounds (Yingling, 1981) . In late infancy, infants initiate "social bids" to caregivers by "reaching out" with their arms to share their object-based play (Karasik, TamisLeMonda, & Adolph, 2011) . Newly walking infants show greater moving bids to share objects with their caregivers versus the more stationary bids initiated by age-matched crawlers (Karasik et al., 2011) . This suggests that walking allows infants to have a more controlled and reliable social interaction with their caregivers. Such relationships between motor development and verbal and non-verbal communication development have not been examined in infants at risk for ASDs. The present study builds on these past studies by taking a first step to examine the relationship between early motor development and later communication development in infants at risk for ASDs.
Infant siblings of children with autism, termed AU sibs, are a cohort at high risk to develop ASDs as well as related milder impairments representing an intermediate phenotype known as the Broader Autism Phenotype (Landa & GarrettMayer, 2006; Landa et al., 2007) . While 18.7% of AU sibs may develop ASDs (Ozonoff et al., 2011; Sumi, Taniai, Miyachi, & Tanemura, 2006) , another 25-50% may develop general communication, motor, and social delays that comprise the Broader Autism Phenotype (Bailey, Phillips, & Rutter, 1996) . In the present study, we conducted a prospective examination of gross motor performance of AU sibs as compared to low risk, typically developing infants termed LR infants at 3 and 6 months using the Alberta Infant Motor Scale. Moreover, we also examined the relation of early motor delays in AU sibs with their communication development at 18 months using the Receptive and Expressive Language Scales of the Mullen Scales of Early Learning (Mullen, 1995) . We hypothesized that: (a) a greater number of AU sibs will present with motor delays during infancy compared to LR infants at 3 and 6 months and (b) AU sibs who present with motor delays during infancy will also be more likely to exhibit communication delays by 18 months of age than AU sibs without early motor delays. It must be noted that due to inadequate follow-up we will not be discussing the ASD outcomes of the AU sibs and will limit ourselves to the relation between early motor development and 18-month communication outcomes.
Materials and methods

Participants
Twenty-four infant siblings of children with ASDs (AU sibs; males = 12, females = 12, 2 = 0.0, p = 1) and 24 typically developing infants with a low risk for autism defined by no family history of ASDs (LR infants; males = 9, females = 15, 2 = 1.56, p > 0.1; a non-significant gender difference between groups) were administered the Alberta Infant Motor Scale (AIMS) at 6 months of age. 18 of the 24 infants per group also received the AIMS assessment at 3 months. The mean age (and standard deviation) of AU sibs and LR infants at the 3-month-visit was 3.7 (0.5) and 4.0 (0.6) months, respectively, and at the 6-month-visit was 6.5 (0.6) and 6.5 (0.6), respectively. There was no significant age difference between groups (p > 0.1) at either visit.
All infants assessed at 3 months of age were also observed at 6 months of age. As part of a larger study following the development of infants at risk for autism, AU sibs also received a follow-up developmental assessment at 18-month of age. For one AU sib, we included data from an assessment conducted at 14 months of age because this child did not come for an 18-month assessment visit. We were unable to conduct follow-up visits for the LR infants due to funding limitations. In total, we have 18-month communication outcomes on 16 of the 18 AU sibs observed at age 3 months. We also obtained 18-month communication outcomes on 21 of the 24 AU sibs observed at age 6 months.
Procedures
Participants were recruited through ASD advocacy groups, conferences, the autism center associated with our institute, and via mailed invitations to families identified through public birth announcements, and word of mouth. We term our comparison group as "low risk" because the general population is at a significantly lower risk to develop ASDs than younger siblings of children with ASDs (Bailey et al., 1996) . The older siblings with autism met diagnostic criteria for autism on the Autism Diagnostic Observation Schedule (ADOS) (Lord, Rutter, DiLavore, & Risi, 1999) and the Autism Diagnostic InterviewRevised (ADI-R) (Lord, Rutter, & Le Couteur, 1994) , and were judged to have autism by an expert clinician. Exclusion criteria for both groups were: low birth weight (<2500 g), gestational age (<37 weeks), birth trauma, head injury, prenatal illicit drug or excessive alcohol exposure, known genetic disorder that would confer increased risk of ASDs (e.g., fragile X), or any orthopedic diagnoses. Infants were admitted to the study following informed parental written consent as approved by the Institutional Review Board at Johns Hopkins University or the University of Connecticut.
The Alberta Infant Motor Scale
The Alberta Infant Motor Scale (AIMS; Piper & Darrah, 1994 ) was used to examine gross motor development. The AIMS is a valid and reliable tool to examine gross motor development of infants between birth and onset of walking in various atrisk populations including low-and high-risk preterm infants (Almeida, Dutra, Mello, Reis, & Martins, 2008; Snyder, Eason, Philibert, Ridgway, & McCaughey, 2008) . It comprises of subscales assessing postural development in supine, prone, sit, and stand with nominal ratings of 0 or 1 for the behaviors "not observed" versus "observed". A summed score of "observed" behaviors is obtained for each subscale. A summation of all subscale totals provides a total raw score, which is then converted to a percentile rank. The first author, a pediatric physical therapist, administered the AIMS. An AIMS percentile rank between 0th and 25th was considered low motor performance whereas any score above the 25th percentile was considered ageexpected or within normal limits (WNLs) (Van Haastert, de Vries, Helders, & Jongmans, 2006) . The primary coder was a graduate student with physical therapy training who was blinded to grouping. Intra-and inter-rater reliability was measured using intra-class correlations (ICCs) with a one-way random effects model. Three-and 6-month AIMS data of 12 randomly selected infants (6 per group) were used for intra-rater and inter-rater reliability coding. The primary coder established 99% intra-rater (p < 0.001) and 98% inter-rater reliability (p < 0.001) with the first author using approximately 120 min of data.
The Mullen Scales of Early Learning
The Mullen Scales of Early Learning (MSEL; Mullen, 1995) assessment was used to assess communication outcome at 18 months. The MSEL is a standardized, valid, and reliable general developmental measure for ages birth to 68 months (Mullen, 1995) including Gross Motor, Fine Motor, Visual Reception, as well as Receptive and Expressive Language Scales. Raw, standard (T scores), and age-equivalent scores can be generated for each scale. For this study, a licensed speech-pathologist or a developmental psychologist administered the MSEL at the 18-month visit for 21 of the 24 AU sibs. As mentioned earlier, only one AU sib received the MSEL assessment at 14 months rather than 18 months. A communication delay was defined as a T score at or below 40, or at least 1 SD below the mean on the Receptive and/or Expressive Language Scale. The MSEL can identify communication delays in children with ASDs between 14 and 18 months of age and some other studies using the MSEL also report communication delays in AU sibs who did not receive an ASD diagnosis by 18 months (Landa & GarrettMayer, 2006; Luyster, Kadlec, Carter, & Tager-Flusberg, 2008) . Note that we applied the same criteria for motor delay for the Gross Motor subscale of MSEL and only 3 AU sibs continued to show delayed motor development at 14 or 18 months based on this general measure of gross motor milestones (which does not include a refined assessment of postural/gross motor delay). Hence, we only discuss 18-month communication outcomes and not the motor outcomes.
Statistical analysis
We conducted a Group (AU sibs, LR infants) × AIMS Subscale (supine score, prone score, sit score, and total score) Analysis of Variance (ANOVA) with "Group" as the between-subjects factor and "Scale" as the within-subjects factor. AIMS percentile scores were also compared using t-tests. These ANOVAs were done separately for each visit (3-month and 6-month) due to the discrepancy in number of infants between the two age points (3-month data = 18 infants per group; 6-month data = 24 infants per group). Greenhouse-Geisser corrections were applied if the sphericity assumption was violated and alternate F-ratios and p-values are reported. We assumed unequal variance during post hoc testing if the Levene's test for equality of variance was significant. Post hoc t-tests with p < 0.05 were considered statistically significant. In order to examine how individual infants fit within the group trends, we also separated infants within each group into two categories of low (percentile score ≤ 25) versus within normal limits (WNLs or percentile score > 25) motor performance as defined earlier.
Chi-square analyses are reported for these categories. Lastly, we examined the association between the presence/absence of early motor delay (3-month and 6-month data) and communication outcome classification (yes/no communication delay) at 18 months in AU sibs using Fisher's exact tests.
Results
In this section, we address 3-month and 6-month performance of each group and then describe later communication performance.
3-Month AIMS performance
Average 3-month AIMS performance of both groups is presented in Table 1 and Fig. 1 . A greater number of infants in the AU sibs group showed delayed motor development at 3 months than the LR group. The Group × Subscale ANOVA revealed a main effect of Group (F(1,33) = 7.68, p = 0.009) and a Group × Subscale interaction (F(1.75,57.73) = 5.79, p = 0.007). Post hoc ttests revealed significant group differences for the prone (p = 0.002), sit (p = 0.005), total (p = 0.002) raw scores and percentile scores (p = 0.03) with AU sibs showing lower scores than LR infants. In terms of individual trends, 14 of the 18 3-month-old AU sibs (i.e., 78% of the AU sibs) were low performers ( 2 = 5.56, p = 0.02) and only 8 of the 24 LR infants (i.e., 33% of the LR infants) were low performers ( 2 = 2.67, p = 0.1). Overall, a significant number of infants had low motor performance in the AU sibs group and the majority of the WNL performers were found among the LR infants.
6-Month AIMS performance
The average 6-month AIMS performance is presented in Table 1 and Fig. 1 . The AU sibs group was more delayed at 6 months of age than LR infants. The Group × Subscale ANOVA revealed a main effect of Group (F(1,46) = 6.02, p = 0.018) and a Group × Subscale interaction (F(1.59,73.5) = 5.01, p = 0.014). Post hoc t-tests revealed significant group differences for prone scores (p = 0.02), supine scores (p = 0.04), total raw scores (p = 0.02) and percentile scores (p = 0.003) with AU sibs performing Fig. 1 . Proportion of low and within normal limit (WNL) performers among the infant siblings of children with ASDs (AU sibs) and low risk typically developing (LR) infants at 3 and 6 months. Note: AIMS percentile rank ≤ 25th percentile was defined as low motor performance. Table 3 Categories of infant siblings of children with ASDs (AU sibs) based on 6-month motor delay (MD) and 18-month communication delay (CD). These include infants with MD and CD, only MD, only CD, and no MD or CD.
6-Month motor versus 18-month communication performance (n = 21) Communication delay present No communication delay
Motor delay present 8 AU sibs had both MD and CD 3 AU sibs had MD but not CD No motor delay 4 AU sibs had a CD but no MD 6 AU sibs had no MD or CD worse than LR infants. Twelve of the 24 6-month-old AU sibs (i.e., 50% of the AU sibs) were low performers ( 2 = 0, p > 0.1). In contrast, only 2 of the 24 LR infants (i.e., 8.3% of the LR infants) were low performers ( 2 = 16.67, p < 0.001). Overall, only 50% of the AU sibs continued to show motor delays at 6 months. Tables 2 and 3 show the number of infants assessed at each age who were represented in the four identified categories: (i) infants with both motor delays in infancy and a communication delay at 18 months; (ii) infants with a communication delay at 18 months without motor delays in infancy; (iii) infants with motor delays in infancy without a communication delay at 18 months; and (iv) infants with no motor or communication delay.
Relation between motor performance in infancy and 18-month communication performance
Relation between motor delays identified at 3 months of age and communication outcomes at 18 months
The MSEL assessment was administered for 16 of the 18 AU sibs observed at 3 months of age. On comparing the 3-month and 18-month data, we observed four categories of infants (see Table 2 ). First, among the 16 AU sibs with 18-month communication outcomes, eight AU sibs (or 50%) had both -motor delays at 3 months using the AIMS and a communication delay at 18 months based on the MSEL Receptive or Expressive Language Scale. Second, all AU sibs who met the criteria for a communication delay at 18 months had also exhibited a motor delay at 3 months. Third, four AU sibs had motor delays at 3 months but did not show a communication delay at 18 months. Lastly, four AU sibs showed no early motor or later communication delays. The Fisher's Exact test showed that a communication delay at 18 months was significantly associated with a motor delay at 3 months (p = 0.04).
Relation between infants with motor delays identified at 6 months of age and communication outcomes at 18 months
The MSEL assessment was administered to 21 of the 24 AU sibs observed at 6 months of age (see Table 3 ). First, among these 21 AU sibs, eight AU sibs (or 38%) had both motor delays at 6 months as assessed by the AIMS and a communication delay at 18 months based on the MSEL Receptive or Expressive Language Scale. Second, four AU sibs showed a communication delay at 18 months without motor delays in infancy. Third, three AU sibs had motor delays at 6 months but did not show a communication delay at 18 months. Lastly, six AU sibs showed no motor or communication delay at both ages. The Fisher's Exact test indicated a trend for communication delay at 18 months to be associated with a motor delay at 3 months (p = 0.1).
Discussion
Motor development in infancy was delayed in a large proportion of AU sibs based on the AIMS, with some of these motor delayed high-risk infants 'catching up' to age-expected levels of motor functioning by 6 months of age. In addition, motor performance during infancy, particularly early infancy, was linked to communication functioning at 18 months for the AU sibs. Hence, both of our hypotheses were supported. Specifically, a subset of 12 AU sibs scored poorly across the AIMS prone and supine subscales at 3 months and continued to show overall gross motor delays based on the low total scores at 6 months (see Fig. 1 ). Lastly, a subset of eight AU sibs (38-50%) who showed early motor delays at 3 and 6 months continued to exhibit a risk for communication delay at the 18-month follow-up visit (see Tables 2 and 3 ).
Early motor delays as an indicator of early disruptions related to risk for ASD
Our finding that early motor delays are present in infant siblings of children with ASDs (AU sibs) is in agreement with what is known about AU sibs based on prospective studies of their general development. AU sibs who received an ASD diagnosis later in life showed gross motor delays by 14 months (Iverson & Wozniak, 2007; Landa & Garrett-Mayer, 2006) . Specifically, delayed onset of walking was observed in some infants who developed ASDs by 24 months of age (Landa & Garrett-Mayer, 2006) . Another prospective study, involving a case series of AU sibs later diagnosed with autism, reported delays in sitting and reaching at 6 months and a delay or poor quality of walking at 12 months (Bryson et al., 2007) . Atypical repetitive movements such as head shaking, hand flapping, and rocking on knees were reported by 18 months without obvious repetitive behaviors early on in life (Bryson et al., 2007; Loh et al., 2008) . In addition, poor postural control, for example, head lag in a pull-to-sit task, has been identified in 6-month-old AU sibs than in low risk controls (Flanagan, Landa, Bhat, & Bauman, 2012; Iverson & Wozniak, 2007) . Taken together, delayed onset of motor skills, immature movement patterns, as well as movement abnormalities have been reported in infants at risk for ASDs. Our data extend the previous work to the first half year of life and confirm the increased presence of early motor delays or postural delays, in AU sibs compared to infants at low risk for ASDs using a different measure of motor functioning.
Our finding of more significant motor delays in AU sibs than in LR infants at 3 and 6 months of age is compatible with retrospective reports of motor delays in ASD infants that are of equal or greater severity than motor delays observed in infants with general developmental delay (Esposito et al., 2009; Ozonoff et al., 2008) . Specifically, delays in supine, prone, and sitting postures in AU sibs were comparable to infants with idiopathic global developmental delays but more severe than those seen in typically developing infants (Ozonoff et al., 2008) . However, a more recent study reported that infants who later developed ASDs showed greater movement asymmetries and immature supine postures than developmentally delayed and typically developing infants (Esposito et al., 2009) . Overall, there is empirical support for the presence of motor delays in infants who later develop ASDs as well as later born siblings of children with ASDs. Moreover, our data showed that only a subset of AU sibs exhibited early motor delays and communication delays in the future. Therefore, motor delays may be a feature of ASD from early on and may present in infants who have a greater genetic risk for ASD. This issue warrants closer clinical consideration and further research.
How would early motor delay impact communication development in infants and children with ASDs?
We propose that there is empirical support for a motor-communication linkage in autism (Bhat, Landa, & Galloway, 2011) . Our data showed that motor performance of AU sibs during infancy was linked to their communication outcomes at 18 months. We acknowledge that motor delays found in our study are not ASD specific and that our sample size was small. However, past studies with large sample sizes report that motor delays at 18 months are highly predictive of ASDs at three years of age in toddlers at-risk for ASDs . Similarly, motor performance at age 6 months was predictive of communication and social functioning at 36 months (Flanagan et al., 2012) . Likewise, motor performance in two-year-old children newly diagnosed with ASDs significantly correlated with outcomes at four years of age (Sutera et al., 2007) . A recent prospective case-series on AU sibs identified a persistence of immature postures such as prone and crawl in the second year of life (Nickel, Thatcher, & Iverson, 2010) . These researchers proposed that time spent in immature postures hinders AU sibs' ability to communicate with their caregivers (Nickel et al., 2010) . Slowed or uncoordinated head and arm movements may limit effective head turning, reaching, pointing, giving, and showing that are key components of initiation and response to joint attention bids of others (Gernsbacher, Stevenson, et al., 2008) . We propose that understanding the limitations in planning and coordination of movement and posture are fundamental to a comprehensive understanding of the qualitative communication impairment of ASDs. More specifically, we propose that a developmentally important linkage exists between motor and communication impairments in autism.
Clinical implications for assessment and treatment
Based on our data, we propose that some infants at-risk for ASDs are at high risk for motor delays within the first half-year of life. It is important to note that for some AU sibs, motor delays may first become apparent after the first year (Kalb, Law, Landa, & Law, 2010) . For example, for some infants, the delayed onset of walking may be the first missed motor milestone (Esposito & Venuti, 2008; Landa & Garrett-Mayer, 2006; Ozonoff et al., 2008) . Thus, we recommend developmental surveillance of siblings of children with ASDs through the third birthday. Professionals working with families must monitor both the social communication as well as fine and gross motor development. Specifically, the Alberta Infant Motor Scale could be a useful assessment to monitor motor development of infant siblings of children with ASDs in the first year of life. In addition, recent data indicate the need for multi-developmental system surveillance throughout childhood due to later-emerging difficulties in siblings of children with ASDs that include motor, social communication, and cognitive systems (Gamliel, Yirmiya, Jaffe, Manor, & Sigman, 2009; Hilton, Zhang, Whilte, Klohr, & Constantino, 2011) . We also recommend that motor delays be addressed through motor interventions to enhance motor development and movement-based social skills such as imitation and communicative gestures. Specifically, early low-cost, caregiver-provided enhanced object-based and postural experiences could significantly improve the motor functioning of infants at risk for ASDs (Landa, 2008; Lobo & Galloway, 2008; Lobo, Savelsbergh, & Galloway, 2004) . Thus, motor experts such as occupational and physical therapists should be included as members of the early intervention team assessing infants and children at risk for ASDs. Most importantly, infants with early motor delays may be at risk for communication delays. Our current data do not claim that motor delays in infant sibs are autism-specific; however, their early motor delays are predictive of future communication delays.
Limitations
As an initial study on gross motor development, there are important limitations on the generalization of our results. First, we examined a relatively small sample of AU sibs. Second, we did not control for birth order. Several of our LR infants were first born which may have contributed to the greater incidence of motor delays among LR infants at 3 months. Parent handling and positioning can influence infant motor development (Lobo & Galloway, 2008; Lobo et al., 2004) . Nevertheless, by 6 months of age, the majority of the LR infants had reached age-appropriate levels of motor performance. Third, we were unable to obtain follow-up assessments at the age of 18 months in LR infants. Lastly, we did not report on motor development beyond six months of age, nor did we provide diagnostic outcomes beyond 18 months. We do not have adequate diagnostic assessments due to funding limitations as well as lack of follow-up from families. Thus, future research involving larger sample sizes is required to evaluate the long-term outcomes and connections between early motor and later social communication impairments in infants at risk for ASDs.
Conclusions
Siblings of children with ASDs presented with significant motor delays within the first half year of life. These motor delays may affect early object exploration skills and learning (Lobo & Galloway, 2008; Lobo et al., 2004) as well as social bids involving object sharing with caregivers (Karasik et al., 2011) . These early manual and social skills may ultimately play an important role in early lexical development (Iverson, 2010) and may contribute to future communication delays in at-risk infants. Our results suggest that motor delays early in life may provide a risk marker that is relevant for clinicians and early educators. Clinicians should consider evaluating the fine and gross motor development along with social communication development of infant siblings of children with ASDs during routine developmental follow-ups. Based on the aforementioned links between motor and communication development in ASDs, treating fine and gross motor impairments early on in life may facilitate various forms of communication such as imitation skills, fine motor and whole body gestures, as well as joint attention, lack of which are considered hallmarks of ASDs.
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